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Abstract  
Denture stomatitis is mainly caused by a fungal species Candida albicans. The antifungal agents tested in this 
experiment are highly secure, especially essential oils, which have no residue after treatment. The agar well diffusion 
and disc diffusion methods were used to determine the antifungal activity, and the agar dilution method to determine 
the minimal inhibitory concentrations (MICs) of food additives and plant extracts. Butyl paraben sodium had the 
lowest MIC value of 0.25 mggmL-1, followed by chitosan, 0.5 mggmL-1, among the five food additives tested, and 
that thyme essential oil exhibited its MIC of 0.25 ȝLgmL-1, the best among the five plant extracts tested. In view of 
its strong antifungal activity and user-friendliness (both liquid and fumigation usages), thyme essential oil may be 
used as a natural disinfectant for the prevention of denture stomatitis. 
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1.  Introduction 
Denture stomatitis is defined as pathological changes of the mucosa under partial or complete 
removable dentures. These changes are characterized by erythema and usually found in both jaws, and are 
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commonly associated with angular cheilitis and median rhomboid glossitis [1]. It was further confirmed 
that the main pathogen of denture stomatitis is Candida albicans [2, 3]. 
Although brushing with soap and/or dentifrice is the method most used by denture-carriers to clean 
their dentures [4], this treatment neither lessens palatal inflammation nor eliminates mycelium forms. 
Some methods, such as the ones applying chlorine agents or phenol preparations, easily lead to the 
deformation of denture or the corrosion of its metal support, while others such as the formaldehyde 
fumigation have toxicity and irritation to human body. Therefore, effective and safe denture disinfectants 
are needed.  
Plant extracts have been used for a wide variety of purposes for many thousands of years [5], and 
essential oils are potential sources of novel antimicrobial compounds [6]. They are now attracting 
attention as useful antimicrobials to be incorporated into mouth rinses. For example, Australian tea tree 
oil, peppermint, and sage oil were shown to be the most potent against anaerobic oral bacteria [7], and 
manuka, tea tree, eucalyptus, lavandula, and rosmarinus (rose-mary) oils to inhibit the growth of 
cariogenic and periodontopathic bacteria [8].  
Food additives and preservatives are substances added to food to preserve flavor and improve taste and 
appearance, and many of them can also prevent or inhibit spoilage of food caused by microorganisms. 
Commonly used as preservatives and bactericides in personal care products, pharmaceutical preparations 
and food and beverages, the commercially known parabens are esters of the p-hydroxybenzoic acid [9].  
We examined 5 commonly used food additives and 5 plant extracts for their anti C. albicans activities 
by agar well diffusion, disc diffusion, and agar dilution assays. We found that butyl paraben sodium and 
thyme oil had the strongest antifungal activity against C. albicans, with the minimal inhibitory 
concentrations at 0.25 mggmL-1 and 0.25 ȝLgmL-1, respectively. 
2.  Materials and Methods 
2.1 Culture and reagents 
Fungal species C. albicans was obtained from the fungal culture collection in the Second Affiliated 
Hospital of Zhejiang University Medical School, China. The isolate was maintained at 4°C on nutrient 
yeast dextrose agar (NYDA) medium containing 8 g nutrient broth, 5 g yeast extract, 10 g glucose, and 20 
g agar in 1 L distilled water. The fungal suspension of C. albicans was adjusted with sterile water to 
requisite concentrations before use. Five food additives (ethyl paraben sodium, butyl paraben sodium, 
potassium sorbate, chitosan, and tea polyphenols) were purchased from Shengxiao Chemicals Co., 
Hangzhou, China, and five plant extracts (bamboo flavonoids, thyme essential oil, sage essential oil, 
cinnamon essential oil, and curcuma wenyujin essential oil) from Qinyuan Natural Plant Technology Co., 
Hangzhou, China, and stored at 4°C.  
2.2 Antifungal activity tests 
The agar well diffusion method [10] with some modification and the disc diffusion method [11] with 
some modification were used to evaluate the anti C. albicans activities of food additives and plant 
extracts.  
In the agar well diffusion method, 20 mL of NYDA was poured into sterilized culture dishes and 
allowed to solidify. 100 ȝL of C. albicans cell suspension (1×105 cfugmL-1) was added and uniformly 
spread onto the plates. The excess inoculum was drained and the plates were allowed to dry for 5 minutes. 
Wells were cut into the agar plates by using a cork borer, and 200 ȝL of various concentrations of 5 food 
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additives (ethyl paraben sodium, butyl paraben sodium, potassium sorbate, chitosan, and tea polyphenols) 
and 1 plant extract (bamboo flavonoids) were placed into each well. In the control plate, the wells were 
filled with 200 ȝL of sterile water. After 48 hours of incubation at 28°C, the diameter of the growth 
inhibition zone was measured. All samples were tested three times and averages were taken. 
For the disc diffusion method, a 6-mm filter disc was placed on the surface of each of the plates that 
were inoculated with C. albicans. Essential oils (thyme, sage, cinnamon, and curcuma wenyujin) at 
various concentrations (1, 2, 4, and 8 ȝLgplate-1) were applied onto each filter disc, and the plates were 
sealed with PVC tapes so that the oil volatilizes up onto the surface of the plates. A control plate 
contained paper discs with sterile water. The plates were incubated at 28°C for 48 hours and 
photographed by a camera (Canon, Japan), and then the diameter of the inhibition zone was measured. All 
samples were tested three times and averages were taken. 
2.3 Minimal inhibitory concentration (MIC) test
The agar dilution method was used following the instructions of the National Committee for Clinical 
Laboratory Standards with the modification of the addition of Tween-20 (0.05%, v/v) into the agar after 
autoclaved to enhance oil solubility. Briefly, NYDA with 0.05% (v/v) Tween-20 containing food 
additives and plant extracts were serially diluted by two-fold to obtain concentration ranges of 0.063-1.00 
mggmL-1 anG 0.063-1.00 ȝlgmL-1, respectively. Plates were dried at 35°C for 30 minutes and then 
inoculated with 100 ȝL of C. albicans cell suspension (1×104 cfugmL-1). A plate containing 0.05% (v/v) 
Tween-20 without food additives or extracts was used as a negative control. Inoculated plates were 
incubated at 28°C for 48 hours. The MICs for C. albicans were determined after 48 hours. The MIC was 
defined as the lowest concentration of a substance that visibly inhibits the growth of an organism on the 
agar plate. If only one or two colonies were shown up within the plate, they were ignored.  
3. Results 
3.1 Antifungal activity of food additives and plant extracts against C. albicans 
The results of antifungal activity tests by the agar well diffusion method and disc diffusion method are 
shown in Figures 1, 2 and 3. Among the five food additives, butyl paraben sodium had the highest 
antifungal activity, 27.1 mm in the zone inhibition at the concentration of 2%, followed by ethyl paraben 
sodium (25.7 mm, 2%), potassium sorbate (22.0 mm, 2%), chitosan (14.0 mm, 2%), and tea polyphenols 
(<6 mm, 2%) (Figure 1). In the five plant extracts, only thyme oil showed antifungal activity, with an 
inhibition zone of 45 mm at 8.0 ȝlgplate-1, whereas bamboo flavonoids, sage essential oil, cinnamon 
essential oil, and curcuma wenyujin essential oil produced a mean zone of inhibition less than 6 mm 
(Figures 2 and 3). 
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Fig. 1 Mean inhibition zones produced by food additives and bamboo flavonoids against C. albicans. 
A: Butyl paraben sodium; B: Ethyl paraben sodium; C: Potassium sorbate; D: Chitosan; E: Tea polyphenols; F: Bamboo flavonoids 
a Diameter of mean zone of inhibition including the well diameter of 6 mm 
b Mean of three assays ± standard error
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Fig. 2 Mean inhibition zones produced by essential oils against C. albicans. 
a Diameter of mean zone of inhibition including the well diameter of 6 mm 
b Mean of three assays ± standard error. 
 
 
Fig. 3 Antifungal activity of thyme essential oil against C. albicans using disc diffusion method.
CK 2 ȝl͊plate-1 4 ȝl͊plate-1 8 ȝl͊plate-1
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3.2 The minimum inhibition concentration (MIC) 
Table 1 show MICs of 5 food additives and 5 plant extracts determined by the agar dilution method, 
respectively. Butyl paraben sodium had high activity against C. albicans, with the lowest MIC value of 
0.25 mggmL-1, compared with 0.5 mggmL-1 for chitosan, 1.0 mggmL-1 for ethyl paraben sodium, 1.0 
mggmL-1 for potassium sorbate, and >1.0 mggmL-1 for tea polyphenols (Table 1). For plant extracts, 
thyme essential oil had the lowest MIC of 0.25 ȝlgmL-1, followed by bamboo flavonoids, sage essential 
oil, cinnamon essential oil, and curcuma wenyujin essential oil (>1.0 mggmL-1) (Table 1). 
Table. 1 Average MIC values for food additives and plant extracts 
Additives and plant extracts Average MIC values (mg͊mL-1 or ȝL͊mL-1) 
Butyl paraben sodium 0.25 
Ethyl paraben sodium 1.00 
Potassium sorbate 1.00 
Chitosan 0.50 
Tea polyphenols >1.00 
Bamboo flavonoids  >1.00 
Thyme oil 0.25 
Sage oil >1.00 
Cinnamon oil >1.00 
Curcuma wenyujin oil >1.00 
4.  Discussion 
According to the experiments carried on in vitro by Edgerton [12], yeasts and C. albicans were able to 
firmly attach to the surface of resin, glass, ceramics, and metal. At present, the disinfectants chlorhexidine 
and formalin, commonly used in cleaning the denture, are effective and inexpensive [13]. However, it is 
suggested that they may cause side effects, including staining, bleaching, and being accompanied by 
unpleasant odor [14]. In contrast, the antifungal agents tested in this experiment are highly secure, 
especially essential oils, which have no residue after treatment. 
Butyl paraben sodium and ethyl paraben sodium and potassium sorbate are the most soluble forms of 
paraben and sorbate, respectively, and are well-known for their potent antifungal activity. In food systems, 
they are the most widely used compounds to prevent the growth of molds and thus extend the shelf life of 
products [15]. Our experimental results indicate that butyl paraben sodium, ethyl paraben sodium, and 
potassium sorbate had higher antifungal activity with MIC values of 0.25-1.0 mggmL-1 against C. 
albicans in vitro.  
A wide range of aromatic substances, or phytochemicals, can be found in plants, and many of them 
have antimicrobial activity. Sokovié and van Griensven indicated that thyme essential oil, composed of p-
cymene and thymol, can strongly inhibit important fungal plant and foodborne pathogens [16]. In the 
current study, we observed that thyme oil had very low MIC (0.25 ȝLgmL-1) by the agar dilution method, 
consistent with the finding of Hammer, who reported that thyme oil had a MIC of 0.03% (v/v) against C.
albicans, the lowest in 20 plant extracts investigated [17].  
In conclusion, we found that 3 food additives including butyl paraben sodium, ethyl paraben sodium, 
and potassium sorbate and 1 essential oil, the thyme oil, possessed pretty strong antifungal activity against
C. albicans in vitro. In view of its broad activity and user-friendliness (both liquid and fumigation usages), 
thyme essential oil may be used as a natural disinfectant for the prevention of denture stomatitis. 
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